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(57) ABSTRACT 

A filter device substrate 1 of the present invention is formed 
by stacking a plurality of ceramic layers 12, 14, and includes 
a filter chip mounting portion for mounting a transmission 
filter chip 2 and a reception filter chip 3. Arranged on a surface 
of one ceramic layer 12 are a signal input pad 73, a signal 
output pad 7, a signal inputside ground pattern 44 and a signal 
output side ground pattern 43 for connecting a signal input 
terminal C, a signal output terminal D, a signal input side 
ground terminal Ganda signal outputside ground terminal G. 
respectively, of the reception filter chip 3. The signal input 
side ground pattern 44 and the signal output side ground 
pattern 43 are connected to each other by a connection wiring 
pattern 45 on the surface of the one ceramic layer 12. 

5 Claims, 10 Drawing Sheets 
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1. 

FILTER DEVICE SUBSTRATE AND FILTER 
DEVICE 

The priority application Number 2004-135248 upon which 
this patent application is based is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a filter device, such as an 

antenna duplexer, for example, including at least one filter 
chip mounted on a Substrate formed by stacking a plurality of 
ceramic layers. 

2. Description of Related Art 
As shown in FIG. 10, an antenna duplexer includes an 

antenna terminal ANT to be connected to an antenna, a trans 
mission side signal terminal TX to be connected to a transmit 
ting circuit, and a reception side signal terminal RX to be 
connected to a receiving circuit. The antenna terminal ANT is 
connected to the transmission side signal terminal TX via a 
transmission filter chip 2 including a surface acoustic wave 
device, and connected to the reception side signal terminal RX 
via a reception filter chip 3 including a surface acoustic wave 
device (see JP 11-340781, A). A phase-matching strip line 6 
for phase rotation is interposed between the antenna terminal 
ANT and the reception filter chip 3 to match the phases 
between the transmission filter chip 2 and the reception filter 
chip 3 (see JP 2000-307383, A). 

FIG. 11 and FIG. 12 show the construction of the antenna 
duplexer enclosed in a package. A cavity 80 is provided on a 
surface of a substrate 8 formed by stacking a plurality of 
ceramic layers. The transmission filter chip 2 and the recep 
tion filter chip 3 are mounted on the bottom surface of the 
cavity 80. A plurality of terminals provided on these filter 
chips are respectively coupled by wires 4 to a plurality of pads 
7.71 arranged around. As shown in FIG. 12, a plurality of side 
electrodes 95, 96 for serving as a plurality of external termi 
nals of the transmission side signal terminal TX, the reception 
side signal terminal RX, etc. are formed on side Surfaces of the 
substrate 8. The plurality of pads 7, 71 are connected via 
signal wiring patterns 90.91 and the side electrodes 95.96 to 
foot terminals 93, 94 formed on the reverse surface of the 
substrate 8. The cavity 80 of the substrate 8 is closed by a lid 
SO. 

FIG. 13 to FIG. 18 show six ceramic layers 81-86 of the 
substrate 8. In FIG. 11 to FIG. 18, reference characters Tx, 
RX, ANT, A, B, C and D represent parts of the transmission 
side signal terminal TX, the reception side signal terminal RX, 
the antenna terminal ANT, input and output terminals A, B of 
the transmission filter chip 2 and input and output terminals 
C, D of the reception filter chip 3, respectively, shown in FIG. 
10. Further, a reference character G represents a part of 
ground terminals. As shown in FIG. 13, a top first ceramic 
layer 81 has a cavity 80a provided at the middle thereof. As 
shown in FIG. 14, a cavity 80b is provided at the middle of a 
second ceramic layer 82. A plurality of pads 7,71, 72,73 to be 
wire-bonded with a plurality of terminals of the transmission 
filter chip 2 and the reception filter chip 3, ground patterns 43, 
44, and a plurality of signal wiring patterns 90.91 are formed 
on a Surface of the ceramic layer 82, Surrounding the cavity 
80b. As shown in FIG. 15, a ground pattern 41 is formed on a 
surface of a third ceramic layer 83. The transmission filter 
chip 2 and the reception filter chip 3 are to be mounted on the 
ground pattern 41. As shown in FIG. 16, the phase-matching 
strip line 6 is formed on a surface of a fourth ceramic layer 84. 
As shown in FIG. 17, a ground pattern 42 is formed on a 
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2 
surface of a fifth ceramic layer 85. Further, as shown in FIG. 
18, a plurality of foot terminals 93, 94 are formed on the 
reverse surface of a bottom sixth ceramic layer 86. 
The transmission side signal terminal Tx shown in FIG. 14 

is connected through the transmission side input signal wiring 
pattern 91 to the pad 71, and further connected via a wire to 
the signal input terminal A of the transmission filter chip 2. 
The signal output terminal B of the transmission filter chip 2 
is coupled via a wire to the pad 72, and connected to the 
antenna terminal ANT. The pad 72 is connected to one termi 
nal E of the phase-matching strip line 6 shown in FIG. 16 
through a conductive material in a via hole (hereafter simply 
referred to as a via) 5 provided in the second ceramic layer 82 
and the third ceramic layer 83 in FIG. 15. The other terminal 
F of the phase-matching strip line 6 is connected to the pad 73 
shown in FIG. 14 through a via 51 provided in the third 
ceramic layer 83 in FIG. 15 and the second ceramic layer 82 
in FIG. 14. The pad 73 is coupled by a wire to the signal input 
terminal C of the reception filter chip 3. The signal output 
terminal D of the reception filter chip 3 is coupled to the pad 
7 by a wire. The pad 7 is connected through the reception side 
output signal wiring pattern 90 to the reception side signal 
terminal RX. The reception side output signal wiring pattern 
90 has an inductance component, which improves signal pass 
characteristics in a signal pass band of the reception filter chip 
3. 
As shown in FIG. 14, two ground terminals G, G at the 

signal input side and signal output side of the reception filter 
chip 3 are connected via wires to the signal inputside ground 
pattern 44 and the signal output side ground pattern 43, 
respectively. 

Further, the ground pattern 41 shown in FIG. 15 and the 
ground pattern 42 shown in FIG. 17 are connected to each 
other via a plurality of vias 51 provided in the fourth ceramic 
layer 84 as shown in FIG. 16. 

In the antenna duplexer, during signal transmission, signals 
input to the transmission side signal terminal TX pass through 
the transmission filter chip 2, and are thereafter output from 
the antenna terminal ANT to the antenna. At this time, it is 
necessary to prevent a phenomenon of the signals input to the 
transmission side signal terminal TX flowing into the recep 
tion side signal terminal RX. 

Accordingly, for the conventional antenna duplexer, Vari 
ous isolation measures have been taken on a signal path from 
the transmission side signal terminal TX through the trans 
mission filter chip 2 and the reception filter chip 3 to the 
reception side signal terminal RX. However, the conventional 
antenna duplexer has not yet achieved a sufficient isolation 
effect, but left room for further improvement. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a filter 
device substrate and filter device capable of achieving a 
higher isolation effect than a conventional one with a simple 
Structure. 

A filter device substrate of the present invention includes a 
plurality of ceramic layers stacked on top of each other, a 
cavity provided for containing at least one filter chip for 
transmission or reception; a filter chip mounting portion for 
mounting the filter chip on one ceramic layer constituting a 
bottom surface of the cavity; and a plurality of side electrodes 
provided on one or more side surfaces of the plurality of 
stacked ceramic layers and extending in a stacked direction of 
the ceramic layers. Another ceramic layer different from the 
ceramic layer having the filter chip mounting portion has a 
Surface provided with a signal input pad, a signal output pad, 
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a signal inputside ground pad and a signal outputside ground 
pad for connecting a signal input terminal, a signal output 
terminal, a signal input side ground terminal and a signal 
output side ground terminal, respectively, of the filter chip, 
and further provided with a signal input side ground pattern 
and a signal outputside ground pattern to be connected to the 
signal inputside ground pad and the signal outputside ground 
pad, respectively. The signal inputside ground patternand the 
signal output side ground pattern are connected to each other 
by a connection wiring pattern on the Surface of the another 
ceramic layer, and the signal input pad, the signal output pad, 
the signal inputside ground pattern and the signal output side 
ground pattern are respectively connected via side electrodes 
to foot terminals. The signal input pad or the signal output pad 
is located closest to a side electrode to be connected thereto of 
the pads of at least one pad group of an input side pad group 
including the signal input pad and the input side ground pad 
and an output side pad group including the signal output pad 
and the output side ground pad, and the connection wiring 
pattern crosses the ceramic layer Surface area defined 
between the signal input pad or the signal output pad and at 
least one side electrode. 
A filter device of the present invention is completed by 

mounting at least one filter chip for transmission or reception 
on the filter chip mounting portion of the above filter device 
Substrate of the present invention, and wire-bonding a plural 
ity of terminals of the filter chip to the pads and ground 
patterns on the Substrate surface. 

In the filter device of the present invention, the signal input 
side ground pattern and the signal output side ground pattern 
are connected to each other. This enhances the ground func 
tion due to both ground patterns, resulting in improvement in 
isolation effect. 

In a specific configuration of the filter device Substrate, one 
signal wiring pattern is formed on a Surface of still another 
ceramic layer located above or below the another ceramic 
layer, while one via is provided in at least one ceramic layer 
interposed between the signal wiring pattern and the signal 
input pad or the signal output pad, the signal wiring pattern 
having one end thereof connected via the via to the signal 
input pad or the signal output pad, with the other end of the 
signal wiring pattern being connected via one side electrode 
to one foot terminal. 

According to the specific configuration, the signal input 
side ground pattern and the signal output side ground pattern 
are formed on a ceramic layer different from the ceramic layer 
having the signal wiring pattern formed thereon. Therefore, 
the connection wiring pattern for connecting both ground 
patterns to each other can be highly flexibly designed with 
respect to the location and shape, without being prevented by 
the signal wiring pattern. The signal wiring pattern shaped so 
as to have an inductance component could improve signal 
pass characteristics in a signal pass band of the filter chip. 
As described above, according to the filter device substrate 

and filter device of the present invention, a higher isolation 
effect than a conventional one can be achieved with a simple 
structure of two ground patterns being connected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view schematically representing a 
structure of an antenna duplexer of the present invention; 

FIG. 2 is a plan view of the antenna duplexer of the present 
invention without a lid; 

FIG. 3 is a plan view of a first ceramic layer; 
FIG. 4 is a plan view of a second ceramic layer, 
FIG. 5 is a plan view of a third ceramic layer; 
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4 
FIG. 6 is a plan view of a fourth ceramic layer; 
FIG. 7 is a plan view of a fifth ceramic layer; 
FIG. 8 is a plan view of a sixth ceramic layer; 
FIG. 9 is a plan view of a seventh ceramic layer; 
FIG. 10 is a block diagram representing a configuration of 

the antenna duplexer; 
FIG. 11 is a perspective view of a conventional antenna 

duplexer without a lid; 
FIG. 12 is a sectional view schematically representing a 

structure of the conventional antenna duplexer, 
FIG. 13 is a plan view of a first ceramic layer; 
FIG. 14 is a plan view of a second ceramic layer; 
FIG. 15 is a plan view of a third ceramic layer; 
FIG. 16 is a plan view of a fourth ceramic layer; 
FIG. 17 is a plan view of a fifth ceramic layer; 
FIG. 18 is a plan view of a sixth ceramic layer; 
FIG. 19 is a graph showing signal pass characteristics of the 

conventional antenna duplexer; and 
FIG.20 is a graph showing signal pass characteristics of the 

antenna duplexer of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention embodied in an antenna duplexer 
will be specifically described below with reference to the 
drawings. 
As shown in FIG. 10, an antenna duplexer of the present 

invention includes an antenna terminal ANT to be connected 
to an antenna, a transmission side signal terminal TX to be 
connected to a transmitting circuit, and a reception side signal 
terminal RX to be connected to a receiving circuit. The 
antenna terminal ANT is connected to the transmission side 
signal terminal TX via a transmission filter chip 2 including a 
Surface acoustic wave device, and connected to the reception 
side signal terminal RX via a phase-matching strip line 6 and 
a reception filter chip 3 including a surface acoustic wave 
device. FIG. 1 and FIG. 2 show a packaging structure of the 
antenna duplexer of the present invention. A cavity 10 is 
provided on a Surface of a Substrate 1 formed by Stacking a 
plurality of ceramic layers. The transmission filter chip 2 and 
the reception filter chip 3 are mounted on the bottom surface 
of the cavity 10. A plurality of terminals provided on these 
filter chips are respectively coupled by wires 4 to a plurality of 
surrounding pads 7, 71. As shown in FIG. 1, a plurality of side 
electrodes 95, 96 for serving as a plurality of external termi 
nals of the transmission side signal terminal TX, the reception 
side signal terminal RX, etc. are formed on side Surfaces of the 
substrate 1. The plurality of pads 7, 71 are connected via 
signal wiring patterns 9, 91 and the side electrodes 95, 96 to 
foot terminals 93, 94 formed on the reverse surface of the 
substrate 1. The cavity 10 of the substrate 1 is closed by a lid 
SO. 

FIG. 3 to FIG. 9 show seven ceramic layers 11-17 of the 
substrate 1. In FIG. 1 to FIG.9, reference characters Tx., RX, 
ANT, A, B, C and D represent parts of the transmission side 
signal terminal TX, the reception side signal terminal RX, the 
antenna terminal ANT, input and output terminals A, B of the 
transmission filter chip 2 and input and output terminals C, D 
of the reception filter chip 3, respectively, shown in FIG. 10. 
Further, a reference character G represents a part of ground 
terminals. As shown in FIG.3, a top first ceramic layer 11 has 
a cavity 10a provided at the middle thereof. As shown in FIG. 
4, a cavity 10b is provided at the middle of a second ceramic 
layer 12. A plurality of signal input and output pads 7,71, 72, 
73 and ground pads 47, 48 to be wire-bonded to a plurality of 
input and output terminals and a plurality of ground termi 
nals, respectively, of the transmission filter chip 2 and the 
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reception filter chip 3 as shown in FIG. 2, ground patterns 43, 
44 coupled to the ground pads 47, 48, and a plurality of wiring 
patterns 91, 45 are formed on a surface of the ceramic layer 
12, surrounding the cavity 10b. The signal output pad 7 is 
located closest to a side Surface of the Substrate 1 among a pad 
group having aligned therein a plurality of pads including the 
signal output pad 7 and the signal output side ground pad 47 
to be connected to the output terminal and a ground terminal, 
respectively, of the reception filter chip 3. The signal output 
side ground pattern 43 and the signal input side ground pat 
tern 44 are formed near the signal output pad 7 and the signal 
input pad 73, respectively, surrounding these pads 7, 73. 
As shown in FIG. 5, a cavity 10c is provided at the middle 

of a third ceramic layer 13. A reception side output signal 
wiring pattern 9 is formed on a surface the ceramic layer 13. 
One end 9b of the reception side output signal wiring pattern 
9 is connected to the reception side signal terminal RX. As 
shown in FIG. 6, a ground pattern 41 is formed on a surface of 
a fourth ceramic layer 14. The transmission filter chip 2 and 
the reception filter chip 3 are to be mounted on the ground 
pattern 41. As shown in FIG. 7, the phase-matching strip line 
6 is formed on a surface of a fifth ceramic layer 15. As shown 
in FIG. 8, a ground pattern 42 is formed on a surface of a sixth 
ceramic layer 16. Further, as shown in FIG. 9, a plurality of 
foot terminals 93, 94 are formed on the reverse surface of a 
bottom seventh ceramic layer 17. 

The transmission side signal terminal Tx shown in FIG. 2 
is connected through the transmission side input signal wiring 
pattern 91 to the pad 71, and further connected via a wire 4 to 
the signal input terminal A of the transmission filter chip 2. 
The signal output terminal B of the transmission filter chip 2 
is coupled via a wire 4 to the pad 72, and connected to the 
antenna terminal ANT. The pad 72 is connected to one termi 
nal E of the phase-matching strip line 6 shown in FIG. 7 
through a via 52 provided in the second ceramic layer 12, the 
third ceramic layer 13 in FIG. 5, and the fourth ceramic layer 
14 in FIG. 6. The other terminal F of the phase-matching strip 
line 6 is connected to the pad 73 shown in FIG. 4 through a via 
53 provided in the fourth ceramic layer 14 in FIG. 6, the third 
ceramic layer 13 in FIG. 5 and the second ceramic layer 12 in 
FIG. 4. As shown in FIG. 2, the pad 73 is coupled by a wire 4 
to the signal input terminal C of the reception filter chip 3. The 
signal output terminal D of the reception filter chip 3 is 
coupled to the pad 7 by a wire 4. The pad 7 is connected 
through a via 54 provided in the second ceramic layer 12 in 
FIG. 4 to the other end 9a of the reception side output signal 
wiring pattern 9 shown in FIG. 5. The reception side output 
signal wiring pattern 9 has a shape to exhibit an inductance 
component, which improves signal pass characteristics in a 
signal pass band of the reception filter chip 3. 
As shown in FIG. 2, two ground terminals G, G of the 

signal input side and signal output side of the reception filter 
chip 3 are connected via wires 4 to the signal input side 
ground pad 48 and the signal output side ground pad 47. 
respectively. The signal input side ground pad 48 and the 
signal output side ground pad 47 are coupled to the signal 
inputside ground pattern 44 and the signal outputside ground 
pattern 43, respectively. As shown in FIG. 4, the signal input 
side ground pattern 44 and the signal output side ground 
pattern 43 are connected to each other by a connection wiring 
pattern 45 formed on the surface of the second ceramic layer 
12. The connection wiring pattern 45 crosses between the 
signal output pad 7 and the side electrode for serving as the 
external terminal of the reception side signal terminal RX. 
Further, the ground pattern 41 shown in FIG. 6 and the ground 
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6 
pattern 42 shown in FIG. 8 are connected to each other via a 
plurality of vias 51 provided in the fifth ceramic layer 15 as 
shown in FIG. 7. 
As shown in FIG. 2, in the above antenna duplexer of the 

present invention, the signal inputside ground pattern 44 and 
signal output side ground pattern 43 for the reception filter 
chip 3 are formed on the second ceramic layer 12, and con 
nected to each other by the connection wiring pattern 45, and 
therefore a high isolation effect can be achieved as described 
later. In addition, the reception side output signal wiring 
pattern 9, which is formed conventionally on the same 
ceramic layer as for the ground patterns 43, 44, is moved and 
provided on the third ceramic layer 13 as shown in FIG. 5, so 
that the pad 7 of the second ceramic layer 12 shown in FIG.2 
is connected through the via 54 to the reception side output 
signal wiring pattern 9 of the third ceramic layer 13. There 
fore, the connection wiring pattern 45 for connecting both 
ground patterns 43, 44 to each other can be highly flexibly 
designed with respect to the shape and location, without being 
prevented by the reception side output signal wiring pattern9. 
Consequently, excellent signal pass characteristics are real 
ized. 

FIG. 19 represents a result of measurement for signal pass 
characteristics of the conventional antenna duplexer shown in 
FIG. 11 to FIG. 18. FIG. 20 represents a result of measure 
ment for signal pass characteristics of the antenna duplexer of 
the present invention shown in FIG.1 to FIG.9. As illustrated, 
the antenna duplexer of the present invention shown in FIG. 
20 gives a greater attenuation in the signal pass band (TX 
band) by about 10 dB than that of the conventional antenna 
duplexer shown in FIG. 19. This indicates that the antenna 
duplexer of the present invention is superior to the conven 
tional antenna duplexer in isolation characteristics. 
The present invention is not limited to the foregoing 

embodiment in construction but can be modified variously 
within the technical scope as set forth in the appended claims. 
Of the transmission filter chip 2 and the reception filter chip 3 
in the above embodiment, only the reception filter chip 3 has 
the signal inputside ground pattern and the signal output side 
ground pattern connected to each other. However, each of 
both filter chips 2, 3 may have the signal input side ground 
patternand the signal outputside ground pattern connected to 
each other, for example. Only the transmission filter chip 2 
may have the signal input side ground pattern and the signal 
output side ground pattern connected to each other. The 
present invention may be embodied, not only in the antenna 
duplexer having both the transmission filter chip 2 and the 
reception filter chip 3 mounted thereon, but also in filter 
devices having any one filter chip mounted thereon. 
The invention claimed is: 
1. A filter device substrate comprising a plurality of 

ceramic layers stacked on top of each other, a cavity provided 
for containing at least one filter chip for transmission or 
reception; a filter chip mounting portion for mounting the 
filter chip on one ceramic layer constituting a bottom Surface 
of the cavity; a plurality of side electrodes provided on one or 
more side Surfaces of the plurality of Stacked ceramic layers 
and extending in a stacked direction of the ceramic layers; a 
signal input pad, a signal output pad, a signal input side 
ground pad and a signal output side ground pad for connect 
ing a signal input terminal, a signal output terminal, a signal 
input side ground terminal and a signal output side ground 
terminal, respectively, of the filter chip, and a signal inputside 
ground pattern and a signal output side ground pattern to be 
connected to the signal input side ground pad and the signal 
outputside ground pad, respectively, provided on a Surface of 
another ceramic layer different from the ceramic layer having 



US 7,432,783 B2 
7 

the filter chip mounting portion; a connection wiring pattern 
for connecting the signal input side ground pattern and the 
signal output side ground pattern to each other on the Surface 
of the another ceramic layer; and foot terminals to which the 
signal input pad, the signal output pad, the signal input side 
ground pattern and the signal output side ground pattern are 
respectively connected via side electrodes, the signal input 
pad or the signal output pad being located closest to a side 
electrode to be connected thereto of the pads of at least one 
pad group of an input side pad group including the signal 
input pad and the inputside ground pad and an outputside pad 
group including the signal output pad and the output side 
ground pad, the connection wiring pattern crossing the 
ceramic layer Surface area defined between the signal input 
pad or the signal output pad and at least one side electrode. 

2. The filter device substrate according to claim 1, wherein 
one signal wiring pattern is formed on a Surface of still 
another ceramic layer located above or below the ceramic 
layer provided with the signal input pad and the signal output 
pad, while one via hole is provided in at least one ceramic 
layer interposed between the signal wiring pattern and the 
signal input pad or the signal output pad, the signal wiring 
pattern having one end thereof connected to the signal input 
pad or the signal output pad via a conductive material in the 
via hole, with the other end of the signal wiring pattern being 
connected via one side electrode to one foot terminal. 

3. The filter device substrate according to claim 2, wherein 
the signal wiring pattern has an inductance component. 

4. A filter device comprising a Substrate formed by Stacking 
a plurality of ceramic layers; a cavity for containing at least 
one filter chip for transmission or reception, provided on a 
Surface of the Substrate; a filter chip mounting portion for 
mounting the filter chip on one ceramic layer constituting a 
bottom surface of the cavity; a plurality of side electrodes 
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provided on one or more side surfaces of the plurality of 
stacked ceramic layers and extending in a stacked direction of 
the ceramic layers; a signal input pad, a signal output pad, a 
signal input side ground pad and a signal output side ground 
pad having wire-bonded thereto a signal input terminal, a 
signal output terminal, a signal inputside ground terminal and 
a signal outputside ground terminal, respectively, of the filter 
chip, and a signal input side ground pattern and a signal 
output side ground pattern to be connected to the signal input 
side ground pad and the signal output side ground pad, 
respectively, provided on a surface of another ceramic layer 
different from the ceramic layer having the filter chip mount 
ing portion; a connection wiring pattern for connecting the 
signal input side ground pattern and the signal output side 
ground pattern to each other on the Surface of the another 
ceramic layer, and foot terminals to which the signal input 
pad, the signal output pad, the signal inputside ground pattern 
and the signal output side ground pattern are respectively 
connected via side electrodes, the signal input pad or the 
signal output pad being located closest to a side electrode to 
be connected thereto of the pads of at least one pad group of 
an inputside pad group including the signal input pad and the 
input side ground pad and an outputside pad group including 
the signal output pad and the output side ground pad, the 
connection wiring pattern crossing the ceramic layer Surface 
area defined between the signal input pad or the signal output 
pad and at least one side electrode. 

5. The filter device according to claim 4, wherein a trans 
mission filter chip and a reception filter chip are mounted on 
the Surface of the Substrate, and the signal input side ground 
pattern and the signal output side ground pattern of any one 
chip or each of both chips are connected to each other by the 
connection wiring pattern. 

k k k k k 


